Obesity has progressively become a global epidemic that constitutes one of the biggest current health problems worldwide. Pregnancy is a risk factor for excessive weight gain. Factors that may predict development of obesity in later life mainly include gestational weight gain, pre-pregnancy nutritional status, age, parity and race. Change in lifestyle factors, such as eating habits, enrollment in physical activity, smoking and duration of lactation, in addition to the above factors, may also contribute to the development of obesity but are still not fully understood. Women who retain more body weight after pregnancy have, in general, larger pregnancy body weight gain, higher pre-pregnancy body mass index, marked weight changes in previous pregnancies, lactate slightly less and stop smoking during pregnancy to a larger extent. In addition, irregular eating habits and decreased leisure time activity after delivery influence postpartum weight retention. Taking into consideration the epidemic of obesity, with all its adverse long-term consequences, there is an increasing need to promote counseling before, during and after pregnancy on the role of diet and physical activity in reproductive health.
Introduction
Obesity has become a global epidemic that constitutes one of the biggest current health problems in both developed and developing countries. 1 Risk of type II diabetes, hypertension, dyslipidemia, heart disease and some types of cancer has been shown to be higher with increasing level of obesity. 2 Despite that, the rates of both overweight and obesity are on the rise worldwide, reaching B65% in the United States, 3 60% in Albania, 36% in Germany and 30% in Switzerland. 1 Some evidence suggests that pregnancy can be one of the factors contributing to the development of obesity. [4] [5] [6] Gestation is one of the natural and biological causes of weight cycling and may constitute a major risk for excessive weight gain and weight retention after delivery. 4 On an average, body weight at 1 year postpartum is not more than 1-2 kg greater than pre-pregnancy weight ( Figure 1 ). 7 Nevertheless, 56% of women retain up to 5 kg, and 13% of women retain 5-10 kg, at 1 year postpartum. 8 Maternal obesity results in maternal, fetal, neonatal and childhood morbidity, and in a significant increase in disorders including maternal hypertension, gestational diabetes, pre-eclampsia, fetal macrosomia, as well as higher rates of cesarean delivery and postpartum complications. 9, 10 Obese women have a two-to threefold increase in cesarean delivery rate 11, 12 . In addition, only 15% of obese women with previous cesarean delivery succeed in having a subsequent vaginal delivery. 9 Obese women have a twofold increased incidence of neural-tube defects, heart defects or multiple anomalies, a 2.6-fold increased risk for late pregnancy stillbirths and a twofold increase in early neonatal death, compared with the non-obese. 9 Children of obese women have a twofold (95% CI ¼ 1.7-2.3) increased risk of childhood obesity at 2 years of age and a 2.3-fold (95% CI ¼ 2.0-2.6) increased risk of childhood obesity at 4 years of age. 13 Individual variations in pregnancy weight gain and retention are considerable, and it is very difficult to identify clinically meaningful predictors of such weight development. Pregnancy-related factors that may predict development of obesity in later life are tangled in a complex pattern, and mainly include gestational weight gain, 5, 14, 15 prepregnancy nutritional status, 15 age, 16 parity 7, 17 and race. 18, 19 Change in lifestyle factors, such as eating habits, enrollment in physical activity, smoking and degree of lactation, in addition to the above factors, may also contribute to the development of obesity, but are still not fully understood obesity to morbidity and mortality, we aimed to identify endogenous and exogenous factors related to pregnancy that may have an impact on the development of obesity in later life.
Gestational weight gain
The energy state of women at conception influences their metabolic and behavioral responses to pregnancy and, thus, to the energy cost of pregnancy. Underweight women show a decrease in basal metabolism, dietary thermogenesis or exercise when the food resource is scarce. 20, 21 These energy-sparing metabolic adaptations enable women to protect fetal growth and achieve successful outcome of pregnancy in spite of being chronically undernourished.
Once the food resources are abundant, the energy cost of pregnancy varies in response to energy supply. 22 Comparisons between women in developing and developed countries report that average population energy requirements per pregnancy were initially estimated at 80,000 kcal, with a wide range, according to the study considered and the ethnicity. 23, 24 The increased energy demands are strongly associated with increased state of affluence and the maternal energy status when analyzed both between and within populations.
Taking into account the variations in energy requirements among pregnant women, the United States Institute of Medicine (IOM) reexamined the maternal nutritional needs for singleton pregnancies in 2009. 25 They suggested that the nutritional status of women, that is, body mass index (BMI) before conception, should be taken into account when assessing optimal weight gain during pregnancy (Table 1) . 25 The recommendations attempt to balance the demands for adequate fetal growth and development, with the risk of excessive pregnancy weight gain, complicated delivery and excess maternal postpartum weight retention. According to the recommendations, women who start pregnancy with normal weight (BMI ¼ 18.5-24.9 kg m À2 ) should acquire between 11.5 and 16 kg throughout pregnancy. The minimum weight gain of 11.5 kg for normal women is suggested as the maximum weight gain value for overweight women (BMI ¼ 25.0-29.9 kg m À2 ). For the obese (BMI430 kg m À2 ), the recommended target weight gain is 5-9 kg (Table 1) . 25 This indicates that endogenous energy store is a major factor for determining weight gain recommendations. The higher the maternal stores the lower the weight gain should be.
Women with gestational weight gain above the IOM recommendations retain significantly more weight postpartum than do women with weight gain within or below the recommendations, independent of pre-pregnancy BMI or body fat at baseline. 26 Gestational weight gain was shown to be the strongest predictor for sustained weight retention at 1 year postpartum, with weight increase during the first trimester as the most important explanatory variable. 8, 27 In addition, excess body weight gain during pregnancy is associated with increased risks of complications in pregnancy, such as pre-eclampsia, 28 infant macrosomia 29 and cesarean section. 30, 31 Gestational weight gain greater than that recommended tends to consist of fat. [32] [33] [34] Sohlstrom and Forsum 35 assessed adipose tissue volume among Swedish women before pregnancy and 5-10 days and 2, 6 and 12 months postpartum using magnetic resonance imaging. They showed that women with an average weight gain of 12.6 ± 2.6 kg gain 2.9 ± 2.6 kg of adipose tissue. Women with excessive pregnancy weight gain (420 kg) gain up to 10.8±2.1 kg of adipose tissue. Most of the adipose tissue gained (76%) was placed subcutaneously, with 68% located in the trunk and 16% in the thighs. Unfortunately, excessive gestational weight gain is common in the developed world, with B40% of US women gaining more weight than recommended in the course of their pregnancy. 36 It is thus not surprising when many studies published between 1986 and 2004 reported that more than two-thirds of women face some degree of weight retention at 6 weeks postpartum. 37 Gestational weight gain has a consistent relationship with postpartum weight loss. 37 Women retain 3-7 kg of the weight gained during pregnancy at 6 weeks postpartum, with at least two-thirds exceeding their pre-pregnant weights. 37 One-third of women with excessive rates of weight gain are 48 kg heavier at 6 months postpartum than before pregnancy. After control for confounding variables (age, parity, pre-pregnancy BMI, height, lactation and the number of cigarettes smoked per day at 6 months), these women had a 2.89 (95% CI ¼ 1.36-6.0) times higher risk of becoming overweight postpartum, compared with those of low or moderate weight gains. 38 Weight gained at an excessive rate (416 kg) by women with a normal pre-pregnancy BMI does little to enhance fetal growth and gestation duration, contributing instead to maternal overweight postpartum. 38, 39 Unfortunately, an analysis including 2248 Danish women recently showed that up to 40% of normal weight women gain 416 kg and 10% of them gain 420 kg body weight during gestation. This proportion may be even higher as the results were based on weight gain at 37 weeks of gestation. 40 The risk of becoming overweight for these women is increasing by more than twofold.
Women who gain X9.1 kg during the first pregnancy, regardless of pre-pregnancy weight status, will retain significantly more weight (2.6-4.6 kg) at the start of their second pregnancy than women who gain o9.1 kg. 41 In Switzerland, only 2.6% of pregnant women gained 420 kg of body weight in 1986, compared with 14.2 % in 2004. 42 The latest findings suggest that 50% of women living in Switzerland gain weight above those currently recommended by the 2009 IOM guidelines (our unpublished data). Rooney et al. 43 emphasized that the most significant predictors for weight change are weight gain during pregnancy and weight retention at 6 months postpartum, even at longterm follow-up (10 years postpartum). Women who gain less than the recommended amount during their pregnancy are 4.1 kg heavier 10 years later, those gaining the recommended amount are 6.5 kg heavier and those gaining more than recommended are 8.4 kg heavier (P ¼ 0.01). Women who lost all pregnancy weight by 6 months postpartum are 2.4 kg heavier at 10 years follow-up than are women with retained weight, who weighed 8.3 kg more at follow-up (P ¼ 0.01).
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Excess pregnancy weight gain and failure to lose weight in an appreciable time are indicators of obesity in midlife up to 15 years after pregnancy. 15, 44 Excess postpartum weight retention is associated with a weight increase of 10 kg, 15 years later. 15 Weight gain during pregnancy and weight retention by 6 months postpartum were mostly associated with a weight gain at 15 years postpartum. 15 The long-term effects of pregnancy on body weight should be interpreted with caution. A systematic review and metaanalysis of 1995-2005 Medline-searched studies estimated the extent of time after delivery during which weight retention is attributable to pregnancy. 45 The published data consistently show a decline in mean body weight within the first year postpartum, with a re-increase in body weight after that period. It was suggested that the term 'postpartum weight retention' be used exclusively within a limited period (up to 12-18 months postpartum), as other lifestyle-related reasons influence the increase in body weight after 1 year postpartum.
Pre-pregnancy BMI
There are inconsistent findings regarding the influence of prepregnancy BMI on postpartum body weight. 7 In general, women who are overweight before pregnancy gain less weight during pregnancy, even though their postpartum weight increase is greater and more variable. 7, 46, 47 In addition, heavier women tend to have babies that are larger than those of their thinner counterparts, even with the same gestational weight gain. 46 Heavier women deliver average-to large-sized infants even with low weight gains or weight loss. [48] [49] [50] Gunderson et al. 47 Influence of pre-pregnancy BMI and gestational weight gain on fetal birth weight and growth Pregnancy weight gain above the IOM's upper limit of weight gain recommendations is associated with an almost doubled risk (OR ¼ 1.9; 95% CI (1.5-2.5)) of delivering macrosomic infants (44000 g). 40 Maternal weight gain and infant birth weight are significantly correlated in normal weight women. On the other hand, weight gain during pregnancy has no significant effect on infant birth weight for overweight and obese women. 40, 56, 57 Heavier women may deliver average-to large-sized infants even with low weight gain or weight loss. 48, 49, 56, 57 Beyond certain levels of weight gain, there is a point at which birth weight does not further increase with increased weight gain. Simpson 58 The data indicated that pregnancy weight gain has a clear influence on mean birth weight in both pre-pregnancy underweight and normal women. By contrast, no significant effect of body weight gain on birth weight was found in the overweight group of women. In fact, in women who had a pre-delivery weight of 120% or more of 'standard weight', mean birth weight remained constant, regardless of their weight gain. Ethnic or racial background may also have a role in fetal growth, as Black infants tend to be smaller than White infants for the same gestational weight gain of the mothers. 46, 59 Maternal age may also have a role in fetal growth. Most epidemiological evidence suggests that very young adolescents (o2 years post menarche) give birth to smaller infants for a given weight gain than do older women. 46 The Institute of Medicine recommendations thus encourage adolescents and Black women to gain at the upper end of the weight gain ranges recommended for women of similar nutritional status. Maternal overweight (OR ¼ 2.2; 95% CI ¼ 1.3-3.7), obesity (OR ¼ 5.1; 95% CI ¼ 2.9-9.1), high birth weight (X4000 g; OR ¼ 2.0; 95% CI ¼ 1.2-3.4) and maternal weight gain during pregnancy (X20.4 kg; OR ¼ 1.7; 95% CI ¼ 1.0-2.9) are independently associated with the risk of overweight and obesity in childhood, even after adjustments for multiple potential risk factors. 60 Several studies have shown that delivering a macrosomic infant (X4000 g) increases his/her risk of shoulder dystocia during delivery, or of certain types of diseases in adulthood, such as type II diabetes mellitus or breast cancer. 40 Other factors influencing body weight control Parity Each successive birth adds, on an average, B1 kg of postpartum body weight above that normally gained with age. 46 Mean gestational weight gain appears to be higher in women carrying multiple fetuses, the amount being larger than that accounted for by the weight of additional fetuses and support tissues. 46 Williamson et al. 6 examined the effect of childbearing on weight change in 2547 White women aged 25-45 years. After adjusting for confounding factors, the mean excess weight gain was 1.6 ± 2.3 kg for nulliparous women, and 1.7 ± 1.1, 1.7 ± 2.0 and 2.2 ± 4.3 kg for women having one, two and (Figure 3) . Secular (or period related) weight changes of 0.96 kg per year are detected in African-American women and of 0.55 kg per year in White women. For this reason, any effect of parity on weight may be influenced not only by maternal age but also by the years in which a second or any other subsequent pregnancy occurred. 62 Age A study assessing gestational weight gain among 52 988 US women who delivered a singleton, full-term infant during [2004] [2005] showed that the occurrence of excessive weight gain was highest among women aged p19 years. 63 Adolescent pregnancy has thus been associated with subsequent obesity. Adolescents who are obese before their first pregnancy often become even more obese some 3 years after pregnancy. 64 Other risk factors of becoming overweight include maternal age 24-30 versus X30 years; high gestational gain; short interval from menarche to first birth (o8 years); and young age at menarche (o12 years). Greater weight increases among Black women may reflect differences in social, cultural and behavioral factors rather than pregnancy-related weight changes. 65 Higher energy intake, higher percentage fat in diet and lower physical activity levels in Black postpartum mothers, compared with White mothers, may contribute to their greater weight retention.
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Smoking It is well known that cessation of smoking tends to increase body weight in non-pregnant subjects. Fat oxidation increases with increasing nicotine uptake, indicating that smokers use more lipids to sustain fasting energy expenditure than do non-smokers. 69 In contrast, a 4-week smoking cessation in women increases lipoprotein-lipase activity by 2.8-fold and results in a body weight increase of 2.6 kg. 70 Other mechanisms suggested to influence weight gain after cessation of smoking are increased energy intake, improved sense of taste and smell, decreased resting metabolic rate and increased adipose tissue lipoprotein-lipase activity. 71, 72 Women who stop smoking have a significantly higher pregnancy weight gain than either smokers or nonsmokers. 16 Pregnant women who give up smoking when they learn about their pregnancy retain 3.4±4.3 kg (Po0.01) more weight at 1 year postpartum than do other women. 14 On the other hand, smokers who continue smoking during pregnancy gain less weight during pregnancy than do nonsmokers. 8 The Stockholm Pregnancy and Weight Development Study on 1423 women concluded that, apart from pregnancy weight gain, only smoking cessation can be considered as a predictor for persistent weight gain after 1 year postpartum. 16 Lactation Lactation has been assumed to facilitate weight loss after pregnancy. Production of milk is an energy-requiring process Body weight gain Multiparous women
Secular weight gain
Age Figure 3 Body weight tends to increase with age in adulthood, particularly in developed countries, irrespective of whether women have children. Each successive pregnancy leads to a net increase in body weight (due to residual postpartum weight retention) above that normally gained during life in neverpregnant women.Arrows indicate the different pregnancies.
Obesity in pregnancy K Melzer and Y Schutz and has been calculated to increase energy requirements by B 500 kcal per day. 25 Most of this is because of the energy content of milk, as the net efficiency of milk synthesis in women is high. 73 However, to date, the relationship between lactation and energy balance is not fully understood. Although some studies suggest that lactation has a role in weight reduction after delivery, [74] [75] [76] many others report no such relationship. 77, 78 These conflicting results are thought to be due to differences in study quality. Dewey reviewed better-quality studies on the impact of breastfeeding on maternal postpartum weight loss. He found that the majority of studies, in which postpartum weight change was measured (not estimated), reported greater weight or fat loss in women who breastfeed longer, particularly at 3-6 months postpartum. 79 However, this effect is relatively small and may not be detectable in studies that lack adequate statistical power, have imprecise data on postpartum weight change or do not account for the exclusivity and/or duration of breastfeeding.
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It should be taken into consideration that weight changes after delivery are dependent on factors other than lactation status. These may include reduced physical activity after delivery, decreased absolute postpartum resting metabolic rate (due to decreased maternal weight gain once a baby is delivered) or even impaired thermogenesis. 80 It has been reported that up to 240 kcal per day could be spared by these mechanisms. 8 In addition, energy needed for lactation could be provided from different sources such as utilization of adipose tissue and metabolic adaptation rather than from increased energy intake post partum.
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Diet and exercise for obesity prevention Given the detrimental influence of maternal overweight and obesity on reproductive and pregnancy outcomes, the American Dietetic Association and the American Society for Nutrition stated in 2009 that 'all overweight and obese women of reproductive age should receive counseling prior to pregnancy, during pregnancy and in the interconceptional period on the roles of diet and physical activity in reproductive health'. 81 Postpartum weight retention is more affected by a change in lifestyle during and, more importantly, after pregnancy, than by factors before pregnancy. 82, 83 Gestational weight gain is the most important predictor for postpartum weight retention and must be monitored systematically in order to prevent postpartum obesity and obesity-related disorders.
There are important influences of diet and activity patterns that have been identified. 84, 85 A combined intervention consisting of a low-energy diet, increased physical activity and behavior therapy is proposed as an effective therapy for weight loss and maintenance. 86, 87 Unfortunately, intervention studies aimed at preventing excessive weight gain during pregnancy are still in their infancy. 88 Although some studies showed effectiveness in their interventions, 89 most of the others did not show a positive influence during pregnancy. 88, 90, 91 More promising results and significant postpartum weight loss are seen as a result of some interventions aimed at promoting postpartum weight loss during the first year postpartum. 88, [92] [93] [94] [95] In the interventions helping women to lose weight after childbirth, dieting and exercise intervention appears to be more effective than diet alone. 96 The former was shown to improve weight loss postpartum and maternal cardiovascular fitness level, and preserve fat-free mass, in contrast to the diet alone intervention that was shown to reduce fat-free mass only. 94 The Stockholm Pregnancy and Weight Development Study was conducted with the aim to identify risk factors for postpartum weight retention such as dietary habits and physical activity of women. 82 Data were collected on 1423 pregnant women at the beginning of the pregnancy and at 1 year postpartum. Results showed that weight retention at 1 year postpartum was greater in women who increased their energy intake during and after pregnancy, increased their snack eating after pregnancy to greater than or equal to three snacks per day, decreased their lunch frequency and decreased their physical activity. The postpartum weight retention was correlated negatively with the degree of physical activity in the second part of the year postpartum. The American College of Sports Medicine and the National Heart, Lung and Blood Institute guidelines 86, 97 recommend that overweight and obese persons seek a weight loss of 0.5-1 kg per week. This rate of weight loss could be achieved through exercising, decreasing dietary fat intake and behavior modification techniques, all of which aim to provide a negative energy balance of 500-1000 kcal per day. These recommendations may be applied for overweight and obese women postpartum, but should nevertheless be interpreted with caution. Although a weight loss of 0.5-1 kg per week through dieting and exercise does not seem to adversely affect lactation and seems to be safe for breastfeeding mothers and their infants, [98] [99] [100] [101] [102] achieving balance in body weight and composition should be a gradual rather than early postpartum goal. A longer estimated time for weight loss may be more advisable, taking into account the lifestyle change of being a new mother and typical weight loss occurring in the first few days postpartum. To know the typical weight reduction after delivery, Lawrence et al. 39 measured daily weight before delivery and for the first 28 days postpartum in Scottish women. The average weight loss on the delivery day was 5.6 kg and, by the end of the second week, it was 8.9 kg, with the most rapid weight loss occurring between 4 and 10 days postpartum (2.4 kg). The total amount of weight loss was consistent with the combined weight of the fetus, placenta, uterus, blood and fluid. Consequent weight loss in the third and fourth week was more gradual (0.25 kg per week) and primarily reflects changes in body fat. Slowing of postpartum weight loss after 2-3 weeks is thus expected as the weight shifts from reversal of pregnancy adaptations to loss of fat stores.
Conclusion
Much of the current understanding of environmental risk factors for obesity is based on cross-sectional comparisons that provide limited information on causation. There is, however, some consistency across these studies. Women who retain more body weight postpartum have, in general, larger pregnancy body weight gain, higher pre-pregnancy BMI, marked weight changes in previous pregnancies, lactate slightly less and stop smoking during pregnancy to a larger extent. In addition, irregular eating habits and decreased leisure time after delivery facilitate postpartum weight retention. Overweight and obese women do not need to gain as much weight as those with normal body weight, nor do they need to comply with any minimum weight gain recommendations. The recommendations for these women should not focus on weight gain as such, but rather on individual assessment of fetal growth, dietary quality and physical activity patterns. This approach holds the potential for ensuring healthy pregnancy outcomes without increasing maternal obesity. Taking into consideration the epidemic of obesity, with all its adverse long-term consequences, there is an increasing need of promoting counseling before, during and after pregnancy on the role of diet and physical activity in reproductive health.
